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I.  INTRODUCTION

' Diagnostic testing 1in education is Undérgoing a revo]ution. On .
one hand a fair number of specialized test érotoco]s are extant which'
are called "diagnostic,“ a 1arge quantity of statistica] and
psychometric theory can be applied to the d1agnost1c question, and
computer techno]ogy promises ‘to deliver 1nto the hands of the

[
c1~ ‘*«om teacher systems which w111 teagh, test, diagnose and
/|

remediate a variety of educational offeri ngs. On the other hand,

|
!

I
‘ diagnostic testing in most areas of education bui]ds on weak

thegretical foundations, makes use of few statistical tools and none
of the wealth of experience available from diagnostic testing in other

professions,‘and/ntth rare exceptions7does-not yet draw on the power

of computers.




This{paper examines the history'of hpproaches'to_oiaonosie {n
edueatioﬁ, and in a‘profession with far more concentrated_atfention to
the conceptual and mathematical uoderpinn%nés of diagnosis; Ehe field
of medicine. We present a comprehensive model of diagnostic testing

in education and a summary of the results of four studies, one from

each of four separate heur1st1cs deve]oped within the mode] The

g
’

paper conc]udes with a discussion of the advantages, d1sadvantages,
and poss1b1e productive directions for, educat1ona1 diagnosis,:
part1cu1ar1y in the realm of individualized adapt1ve d1agnost1c'
Téesting edministered“by computer.

Jhe:phrase'“diagnostic testing" has been used inTeducation ever
.$ince the first formal intelligence tests were oevised. From the
beginning the rominal intent of educational diagnosticians appears‘;o
have been re1ative1y stable; "...the taking of'certain.symptoms thet
exist and finding out from fheh‘what the trouble is" (Kaliom, 1919,

p. 11). While the diagnofes themselves, the process by which.diagnosis
" is reached, .and the management decisions which fo11ow have undergone ‘
numerous and extensive revisions; whether to build on a disease model
or some a1ternat1ye such as learrming theory has.been a conscant source
of controversy Except in reference to Spe81a112ed psycho-educationa]
‘and physica1 hand1caps, however, with ‘few exceptions *nere is not a
great deal to show for the effort (Tyler & White, 1979) |

The common thread behind most'aporoaches to educat;ona1-d1;gnosis

in the past seven decades has been the use of ,tests to provige

O . ’
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specific'information about the difficu]ties of an individual student

which will point to ‘some 4ppropr1ate remedial treatment. The ohrase

3

."diagnostic testirg" increasingly is. beino used for the assessment of
'~1earn1no difficuities within the classroom. In order to arrive at a
diagnosis of 1nd1vidua1 patterns existing tests which use the
d1agnost1c 1abe1 diverge w1de1y in their approach, yet all are
concerned to some degree wiih the following key e1ements

a) examination of patterns of performance and achievement of an
1nd1vidua1 student, -

b) onstruction of a summary profile of strengths, and
;,weaknesses, ‘ ) )

* '¢) identification of the specific misunderstanding,

misconceptions, -and misinformation that lead the individual
student to perform poor1y. .

Yiewed in this-manner, diagnosis of difficu]ties experienced~by an

individual student could lead to appropriate management strategies for

furtheJ 1earning, rerediaticn, re-education, or refErrai.\ ’ o

The earliest efforts at developing diagnostic strategies in

education were predicated on a very similar rationa]e. Uni's (1917).

diagnostic method emphasized close eXamination of each pupii's'methods

of work and questioning of students aioud while’ they so]ved a

prob]em. Uhi deveioped a series of hypotheses concerning students

incorrect methods and recommended driliing pupils in methéds which are

“more effective" than those they”a]ready.employ. Andersqn (1918)

discussed diagnostic testing in reference to seven types of errors in

long division. Subjects were given individual orai tests in which



they were’ asked to think aloud and to say what they were thinking and’

doing while solving the problem. Anderson's aim was to enable

teachers to become'diagnosticians of "mathematical ddseases.“ "Paulu's’

(1924) Diagnost1c Test1ng and Remedial Teaching- gave numerous examples

of tests 1n Spe111ng, writing, reading, arithmet1c, geography and
,h1story wh1ch had d1agnost1c potentia] Paulu urged that teachers
observed the1r students working procedures ari. learn to recognize in-
dividual d1ff1cu1t1es. The number of t1mes each problem was
1ncorrect1y so1ved the body movements made by the child while
work1ng, and the use of firger count1ng were a few of the examp1es
viewed as 1mportant signs of difficulty to be followed by spec1f1c
individual remediation.a

The fir,t vo1ume of‘Journa1 of Educational Research contained a

study of diagnosis of error typés (H1111ng, 1920), the first volume of

Journal of General Psycho1ogl contained a major -article by Spearman

(1928) on the "Origin of error", the second volume of the British

Journal or Educationa1 Psxcho1ogz presented a lengthy analysis of
theories of'cognitive error (Fortes, 1932)f In general, errors’ tend.
to show thense}ves*as~matters‘of‘either princ1p1e'(such as faulty
reasoning,'misunderstanding, ortinab111ty to"app1y'a correct method. or
strategy) or accuracy (such as errors in copying, manipulating |
_numbers, or misplacing parts of the problem). P | .
While these historical documents present a minimum of

sophisticated conceptualization, the present status of many -

4
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appiication—oriented pubiications in educational diaqnosis is not many o
'steps further. Despite the intention to make use of charts, graphs,

and profile ana]ysis, how-to books 1ike Smith (1969,, articles like '_
Okey (1976), and’ computer programs like Fur]ong and Mi]\er (1978) " for

examp]e, contain re]ative1y few substantive advances’ in either the - -

\ £

spec1fic1ty of diagnosiS»or the range of options avai]ab]e to teachers __f
in- both deve1oping and utiiizing a given diagnostic test. Moreover, ‘.

" *two e$sential definitions often appear absent from diagnostic tests.
X &3
. and manuals. The first is the meaning of the word "pattern;" a number

of sources use this word but itS‘mEaning varies rather widely:

a) "pattern" as profile of total scores'in a curricular domain .
.accumulated across a variety of tests administered througheut the .
.schoo1 year ("a’ pattern of deficient test scores in spelling");

b) “pattern" as profile of subsca]e scores " assembled’ from a
single test administered cnce ("a pattern of misunderstanding of
two-digit arithmetic") - .
¢). "pattern“ as consistent behaviors across differing situations
- ("a pattern of hyperactivity") ,
d) "pattern as unusua] responses tq a set of test items ("a°
pattern of responses which points to care]essness on this test');

. e) "pattern" as specific erroneous responses nithin a- set of test
. items (“"a pattern of responses which demonstrate consistent
' errors in logic"). o

-
: ’
2 ’

The various.writers do not appear to havepthought that “"pattern”
5 . -

raises such p1ethora of. poSsibi]ities. The 1ist is not exhaustivei'

4

-nor are the entries- mutually exc]usive but often defficient.'

“a v

Recommendations for interpreting "patterns,” hinge on the reader‘s

cérrect choice of definition. T _ " I

.
1]
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The second word requ1r1ng definition, surprisingly, is
"diagnosis" 1tse1f . number of educationai writers refer to
"diagnosis" as‘if it is either perhaps seif-expianatory or too trivial

_to discuss; yet an adequate'definitionzof the term-is critica] for |

purposes of further refinement and apoiication.

As effort'is exbended in developing and’administering diagnostic tests:

of increasing,sophistication; an improved'definition of diagnosis can
bevdeveioped by examining the range of present app]ications, the state
‘of ;heory'concerning'diaghosis, and contributfons from the field’of
medicine;“The following sections address‘eacn in turn. o

11. VARIETIES OF DIAGNOSTIC TESTING IN EDUCATION"

1. Testing ability vs. testing achievement‘,'

The vast maJority of tests in education today may be grouped into
rone of two categories (a) specific or general ability tests (e.g.,

1nte1119ence tests) de51gned to measure a student's innate ab11ity or

potentiai and (b) achievement tests designed to measure how much a
N - »

student has 1earned - ‘

-

In a sense almost any standardized test of ability or

achievement, may be regarded as diagnostic. " But the practice.of.
educationa] testing has broken into distinct categories, af nhich the

maJor ones are piacement and seiection. grading and’ certification,

R}

. motivation and research as we]] as diagnosis. The ptacement ard

se]ection operations grew directiy from ‘the work of Alfred Binet and

the extensive use .of obJective 1nte111gence tests during World War I

’

1z -

)



in the evaiuation and p1acement of new recruits. Soon a wide variety

~of 1nteiiigence and achievement tests were being made ava11ab1e to

,

empioyers and to techn1ca1 and vocationa1 training institutions for
the purposes of screening n@w applicants, and both ach1evement and
1nte111gence tests are in wor]dwideguse today . for p1acement. ' .
Foi]ow1ng the meaning of pattern as a profile of subsca1e scores,
p1acement and se1ection tests are "diadnostic" in the sense that a
pattern of test profiies may be used f0r differentia1 a551gnments.
. | ObJective tests are widely used to study xarious aggregate
. aspects of the educationa1 process. This category of use encompasses
measurements embedded in the design of educational. experiments, the
eva1uation of new educationai programs or curricula, and the
,monitoring of district, state or nationai levels of achievement.
Achievement tests are used exten51ve1y to measure outcomes and hence
to'“diagnose" the. effectiveness of instructionai programs, specific
sch001 districts, or individua1 teachers. The use of objective tests
in the cert1f1cation process at ‘the end_ of a specific program of
education or training is seen pr1mari1y as a method of maintaining
N

standards over time and are. often only crude diagnostic indicators.

Since changes in genera1 abiiity or inte11igence are thought to be

- most1y beyond the sc0pe of the educationa1 system, the use of ability

tests in a research or evaiuation setting is usua11y not treated \
diagnostica11y, but rather as a way of controiiing the experimental

design or of “explaining” .away some of the observed.variance of

’

“achievement scores. - L .

'
¢
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Diagnosticrtesting of the individual student is the category with
which this_paper is primarily concerned. In the same way that the
»psycho1ogist has a wide range of diagnostic ability measures to aid
the-identification of various sensor§ defects or brain.dysfunctions, .
now the teacher has access to “"diagnostic” tests as ue]]. While the !
notion ot diagnostic achievement testing has been around for several
decades, the appearance of 1arge numbers of objective achievement
tests which purport to be diagnostic is a recent phenonemon.\\C]ear]y

foe

a model of the diagnostic process which trans1ates directly to the. !

s,

classroom setting and needs of the teacher to diagnose education .
problems would aid°in‘understanding and uti1izingvthe range of‘tests.
-One mode1‘which begins to meet these needs is provided by Thomas
(1983) and is presented below. - ' A

It is useful to distinguish between testing for specific learning
disabi]ities and more general assessments of learning achievement.
Hennessy (1981) points out that the Erimarx use of ind1vid:a11y
=adm1nistered tests in schools today “is to obtain descriptions of
fupctioning for the purpose of diagnosis of chi1dren thought to be
learning disab]ed,~neuroiogica}1y 1mpaired deve]opmentaiiy disabled,
or emotionally-disturbed" (p. ié)- Indeed codes of practice in many
states require that 1nd1vidua11y administered abilities measures sha]]
be included as part of the diagnosis of children prior to their .

- classification or assignment to special educational programs. -k
N : : .

' 14
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Avvariety of different conditions are subsumed under the general title

Specific learning disabilities, and there seems little doubt that many

4
s

of these conditions do result from, or are re1ated to, part1cu1ar

bra1n-ma1funct1on or damage. -A variety of psycho1ogica1 tests have .

. been devised to assist their 1dent1f1cat10n, though Arter and Jenkins
(1979) and Hennessy7(1981)'p?int out how Tamited the evidence of
va11d1ty)fs for these tests. However, such tests are generally the
prerogativenof'the-trained c11nica1'psycho1og;st, and are not
eastomar11y used by (and may not be legally available t0) the
c1assroom teacher. But the classroom teacher's neéds'aFe not

' 1&ent1ca1: frequently the task is not one of 1oeat1ng/d1sab111ty or

'disturbance but rather pne,of finding ana pnderstaadihg where a
student has encountered a b1ock, 1s~using an erroneous strategy: or

has been, otherwise 1eft by the wayside.

2. Testing and dj;gnosing 1nd1v1dua1 eduéational performance

. Thomas (1983) distinguishes between diagnostic anG other forms of

~

e ’ 3 M .
evaluation in terms of'the sort of question each addresses and the

uses typ1ca11y made of the eva1uat10n data

"Hith diagnostic evaluation, the question consists of two parts:
what is the pattern of strengths and weaknesses in the students’
achievement of the learning goals, and what causes-underly such a
pattern? Results o of‘sﬁéh“aTagnosﬁs*are‘used-for—recommendtng—————-
treatment of a student's learning weaknesses, either through
remediation of underlying causes or. through he1p1ng the pupil i
learn more adequately despite the causes.” (p. 1

Basic to this approach to diagnosis is” the 1nterpretat10n of the

pattern of performance scores. Here,the use of the word pattern can
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be 1nterpreted both as a profile of subsca1e scores_and as consistent
or unusua] references and behav1ors. A]though 1t is not essential,
often such patterns are derived_by comparing an individua1 S
performante with that to be expected based_on the.resu1ts:6f'some
reference group,%an approacn may appropriately be describedbas
"norm:referencedJ. - p

Thomas recommends a methodical approach to tne'diagnostic use of
tests, whether by classroom teacher or school psychologist. He points
out the errors that can result from stepsfbeing omitted and short cuts
Being taken. For examp]e a very poor reading performance as measured,
on a general abi]ities test may stem from any one of a variety of '
comp]ete]y unrelated causes, and further investigation is necessary
~ before aopropriate treatment can be confident]y prescribed. .

Thomas' approach to diagnostic assessment“of students, shown in
-Figurehl,_is comprehensive although time consuming. It succeeds in
codi fying wnat“teachers are supposed td be doing.when they provide
individualized instruction. The mode]vis not limited to the
'norm-referenced approach and may also be app]ied to

criterion-referenced testing, as. wi11 be discussed below.

Furthermore, it may succeed in identifying and diagnosing the.causes

of major problems, although it is less 1ike1y to be sensitive to
specific misunderstandings, misconceptions, and misinformation which
may be significant to an individual student in his mastery of a given

. topic.
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Figure 1 .

" The Thomas Diagnostic Evaluation Model

Stage 1 :

Critical questions : 1.1

Status Assessment

1.2

1.3

Stage 2 Cause Estimation
Critical questions: 2.1
%
2.2
2.3
.L
Stage 3 Treatment
Critical questions: 3.1
3.2
3.3

\

1

' (After Thomas [19813, p. 15-16)

. As assessed by these techniques, how °
.successful is the treatment?

What are the-specific objactives the
student is expected to have achieved?

What assessment techniques can best
determine how well the student has
achieved those objectives?

What -pattern of'disérepancies'between

expectations ‘and performance is:
identified by these techniques?

t

What reasons for the deficiencies

‘revealed in 1.3 need to be considered?

How can these possibilities be
evaluated? =~

8n the bagis of these evaluations,
what is the most 1ikely cause (or
combination of causes) for the pattern
1‘n 103? ! ¢

What treatments would help the student

- most effectively given 1.3 and 2.3?

What evaluation techniques are
available to determine how well the

treatment is succeeding? ) -
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An increasing number of commercia11y\pub1ished standardized
achievement tests are now incorporating the "diagnostic” 1abel into
tneir title. However, 'it wou]d seem hard to justify the label for any
test that produces only a sing1e score. Not on1y do such tests )
provide no indications of the 11ke1y cause of a part1cu1ar result and
no syggest1ons as to approprjate)remed1a1 treatment (as requ1red by
Thomas' model), but the single soore can be only a sma11 part of the
data needed to build up the pattern on which normative diagnosis
rests. A reading comprehension test may indicate, with high
re1iab1ility and validity, that a sixth grade student is readino at
the fourth grade level, but the information needed for.diagnosis of
the student's problems would not be foond un1ess some detail such as
subscale scores or specific erroneous response patterns is a1so made
available. I§§w0u1d be more reasonable to reserve the term diagnostic
for batteries af standardized tests wh1ch y1e1d fa1r1y comp1ete
profiles of performance 1n normative terms--the 1nterpretat1on of
which might well ‘suggest both causa1ffactors and remedial’ treatments.

| Such patterns of scores, or normative profiles, are very |
1mportant 1rlnorm-referenced diagnostic testing. A key issue for'the
pract1tioner is the level of detail on which the componentc of the
profile are differentiated. Component °1ements of three different
prof11es produced by three hypothet1ca1 d1agnost1c test batteries

m1ght be: . S o
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'Generai Achievement Tests

Reading'comprehension Handwriting, Math skills, Soc1a1 Studies
concepts, Science facts and concepts. -
Mathematics Test.’ .
.~ Computation ski]is Fractions, Numerical reasoning, Aigebraic
manipu1ation Geometric similarity and congruence .

Magnetism Test - ‘ - ‘
Magnetic and non-magnetic materials, Magnetic attraction and
“repulsion, Concept of a magnetic po1e Induced magnetism, Concept
of a magnetic fie1d The Earth's magnetic fie]d.

Although each re1ies on the same underlying theory, the

"1nterpretation of results and the prescription of remedia1 treatment

‘q

would be quite different in each case.. The first exampie gives only

global information but might be heipfui in 1nd1cat1ng whether or not a'

‘e

student's prob]ems stem from a perception problem, a linguistic

difficuity, or some type of specific learning disability with

7

. physioiogicai roots. By contrast, the second 1ist of profile

components will be chief1y usefu] in indicating areas of instruction
which Rave not been mastered by the ‘student, due to some dis1ocation'
of the norma1 teaching/]earning process. For students*with very

discrepant patterns it may indicate a need for substantia1 remedia1

.study.

The.third list of profi1e components represents an assessment of
performance objective-by-objective. Hhiie this might appear the most :
usefu] form of assessment for detaiied impiementation of an
instructiona1 program, it must be recognized that a great deal of time

is required to obtain re1iab1e estimates of individual profiles at ‘

~ this level of detaii. By aggregatingvthe results of just a few items



across the students in a class, a teacher auite economically can
obtain feedback as to how we11 the class has mastered specific
objectives; information helpful in p1ann1ng'the next step oﬁ the
ofteh provfde

X

In each case scores on the component parts of diagnostic profile

‘teachingxsequence. However, this approach-does not

useful information at the individual level.

i

“may be %nterpreted as- deviations from the norﬁ. ‘Notice, however, that

y

"norms" dre established by averagfng the scores for large numbers’ of

¥

stugents, ané this does not imply that a flat prof11e, 1nd1cat1hg‘eyen
1eve1s'of deVe1opment 1¥ tocbe expected for any or all students. The
achievement of most children does not proceed in. an orderly and
regular fashion, and we should not expect to. find unchanging scores as
- ve move from one area tc another. Nevertheless, experience ‘suggests
that substant1a1 unevenness of deve1opment [say two grade levels -
between subject areas] 11kely indicates more than a pass1ng
d1saffect1on with one subject or another, and further investigation

would be.appropriate.' Components of diagnostic prof11es within a

,part1cu1ar curriculum area may be expected to be more closely related,

part1cu1ar1y if there are strong 1ogica1 connections between
‘.sub-areas, as in mathematics. Even so, the typical student‘w111 do

better in some areas than in others, and.un1ess the differences are

_extreme K ser1ous 1earn1ng prob1em 1s not necessarily 1nd1cated For
diagnosis of 1earn1ng objective-by-objective, norm-referenced

1nterpretations have 11m1ted¢ut111ty. This type of diagnostic battery

\

20
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is more effective if it can be interpreted in criterion-referenced
terms--especially if the sequence and structure of objectives is

supported by cognitive learning theory. )
" Both Thomas (1983) and Hunter (1979) stress the importance of
- accumulating a wide variety of  evidence upon which to base an

~ &

educationa]ldiagnosis. Test scores by théhse]yes‘can be misleading
unless considered in the context of.thé conditions under which they
vere obtained, the past performaﬁce of the student under._
coﬁs;derat{on,rs;ores of pupils of similar maturity who have been
exposed’t@‘éiﬁi]ar insgruction, information about the student's
11ngu1§t1c background, etc. qu example, whila it is enfire]y proper
bthat test scores form a part ofbthe data on wh{ch-ahy important
cc]assificétipn or assignment of a’gtudéht fo a specia1 educat{ona1
pEogram is based, fést scores should not bé used alone for such
pufb0§es, but sﬁou]d always be subp1emented by appropriate qontéxtua]' .
%nférma;ionl: Likeyiéengestkscéres are'one o% mahy'gpurcés of
1nfcrmat{dh upon which a teacher dfaws in.maKing instructional
decjs1ons.‘ | o
T [On the other hand, the use of test scores by an-individua1.for

*se1f-d1agn6§15 may be quite effective. The student can integrate

diagnostic feedback if appropriately prezented with past experience in’

__order tc help determine what topics or p}inc1p1es he needs to study —

"

more carefully. More research on this type of sé]f—directed learning

is needed.]
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The important distinguishing characteristic of norm-reférenced

testing -- the determination of detaiied profi]es ---rests heaviiy not -

on1y on the re]iabi]ity of the particu1ar test and its administration,
but a]so on the demonstrabie validity of tﬁe reference norms, and the
implicit assumption-that normed profiies, which are composites of many
’1ndividua1 profiles, honestly reflect a deveiopmentai'reaiity.- Few
children proceed with their education- in an order]y and reguiar
\fashion, we shou]d not expect, to find unchanging scores as we move
'from one area to another. Even within-a sing]e domain; the typica]
student performs better‘in some are:s than others. ThUJ, the
}norm-referenced approach to diagnostic testing has shortcomings which
are difficult to surmount. S o - } |
In brief, the norm-referenced apbroach to diagnostic testing has
two major shortcomings. The.first is the questiom of the relevance of
* any particular set of norms to the student being tested, a question
easy to.raise but not to resolve in the vast majority of cases. The
second problem concerns the 1arge‘number of test items which must be
‘used if reiiabie and detaiied objective diagnostic profiies are to be
deVeioped. Can these prob1ems be avoided by switching to a

i

criterion-referenced approach? e _ N

<

= Criterion referenced tests expiicitiy attempt to indicate what

performances shou1d be expected for students with a given score,

]

without refering to the scores of any other student. In such tests, -

-~ the issues of relevance to norms and ranking of students are traded‘

-\

!
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for an issue “about the adequacy of items in re]ation to the criteria

¢
being used. A good criterion-referenced test will generate a large .

amount of information‘about the overall achievement of a student even

from a'smaii‘number of test items. Because we do not'need to relate-

“the patt ern of performance for an individual to that of a large

“normative group-in criterion-referenced testing, the testing procedure

itself. can-be made morevfiexibie; anvindividuai student need not.
attempt a11 items. Adaptive testing, in which the sequence of items
presented ‘to a student depends upon the student's previous '
responses offers a much more efficient way of gathering. information
about the student s achievement and may reduce substantially the time
needed to deveiop a‘raliable profi]e (Green, 1983).

A good exampie of a diagnostic test that uses this adaptive

approach is the KeyMath Diagnostic Arithmetic Test (Connol]y,

Nachtman, & Pritchett, 1971). This ‘test lies somewhere between the

pure criterion-referenced and norm-referenced approaches since it has
n-| : !

eiements of both’within its design;j The entire instrument consists of
209 test'items.dividéd into 14 different components of a diagnostic
profi]e. 1he diagnostic profile is developed on a large sheet which

effective]y provides a map of arithmetic attainment with the different

*content areas listed down\the page and the item difficu]ty 1eveis

moving from "easy" on the 1eft to ndifficu'ltn on the right. An -

-extract from’the.comp]ete,profiie sheet is presented in Figure 2.. The

: circled~numbers represent the positjon of particu]ar,items‘on the

-

e ,‘ 23
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Fig;ure 2.

Scaled summary profile of performance from the
KeyMath Diagnostic Arithmetic Test
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d{ﬁferent‘sca1es- Items of equa1 d1ff1cu1ty appear vert1ca1ly above
; .

-1 '
or below .one another.; Sca11ng accord1ng to the Rasch 1atent-tra1t L

‘mode ‘5 used to establ1sh tﬁé&e re1at1ve d1ff1cu1t1es so “they form a <f
setﬁof re1at1onsh1ps expected to be valid for a11 students, and not

only those be]onging-to a part1cu1ar normat1Ve group._ However, a ', "
v o ’ . ' ‘ . . ‘ ‘r
. "grade equivalent" scale is also.provided on the diagnostic 'sheet so

that.normat1Ve interpretations of performance. are possible.

: The strength of this system is that it i¢ adapiive to the needs of the
S ; : ‘ ) S : "
individual student: . . o )

3. Ana1y21ng,errors I ’ U

3

For most of its history, ach1evement testing has" been dominated
by the, "number correct” method of scoring, S0 11tt1e attention has

been pajd to the hature of the erroneous responses given by students.' ’

Hhere m1stakes Jhave been studied it 1s to award partial credit for ’

>

an answer to an open -ended question that VdS near]y correct \for
examp]e; in Great Britain), “OF for choice of the 1east 1ncorrect o
"distractor to a mu1t1p1e choice item (ch1ef1y in the United States)
~A1though both teachers and'measurement specia]ists usually agree that
incorrect test responses contain d1anost1c 1nformation about the -
student s performance, there have been few systematfc attempts to R
exp]oit this 1nformation._,n S "'“" PR

7

. 'The advent, of computer techno1ogy in ragent years has led to .

\™
severa].attempts at redressing this situatio . For examp1e, Brown "and
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training teachers in diagndstic'skiiis, which plays- the role of a

student answering questions. The,teacher'S'task is to recognize the

source of the student (computer) error, and to become more sensitive

to the causes of students' 1earning*prob1ems.. under.this system,

simple- types of error or "bugs" can be easily diagnosed, a]though'_'

diagnosis becomes much mere difficuit when the student has severai
.bugs which may interact. . . T '

In setting up such a system, the 1n1tia1 identification of *

L&

misconceptions, or bugs, tnat produce errors is a compiex task. It

requires the ana1y51s of each skill" under study and of the procedura]

by
r

network" of subskills, and a 1isting of the correct ‘and 1ncorrect

3 )

. procedures for applying each of these,’ In the vieu of Brown and
Burton; this network ana]ysis needs to be comprehensive for it must

con*ain a]] possib1e misunderstandings. The need to be comprehen51ve ’
. R
' restricted Brown and Burton to the rather narrow task of addition and

subtractign.” Even within this field, the number of bugs to be ’

-~

considered is quite 1arge.
This approach has been further e]aborated by K K Tatsuoka and

colleagues. at the. University of I]Tinois ‘Birenbaum & Tatsuoka, 1980
Tatsuoka, et a]., 1980 Tatsuoka & Tatsuoka, 1983). They have aiso-

-

concen*rated on skills of addition and: subtraction of signed numbe“s

using open-ended questions. A major concern of this group was that

»o,

students might obtain the right answer to a question by app1ying .

. incorrect reasoning, so that the simp]e number right" ‘'score on a test-
. vt . . { - ’

A : S

8

. N o .
. TN : - . s

- . - b . oo Y
¢ . . o . .

‘. . . -
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might be an inaccurate 1nd1cat1on of ach1evement. By carefu]

&

structuring of" test questions they showed That it was p0551b1e to

infer when a student was using 1ncorrect ru]es to obta1n ‘the correct
answer to a specific item by an ana1ys1s of responsés to other 1tems.
Revised §cores vere produced by rescoring as "incorrect any correct
response deduced to:have been reached by wrong reasoning and the

revised scores were shown to be superior on each of a number of -

"; ‘measurement criteria, This research a1so‘demonstrated the inadequacy

of factor‘ana1ysis as a technidue for;investigating‘the.structure of
achieVement tests.. To a significant extent, the factor structurec
appears to be determined .by- the pattern of misconceptions held by the
students ‘as well as by the content of the items themserves. Tatsuoka,
-et a1. (1980) introduced the “Individua] Consistency Index" (ICI)
which “when app]ied to the pattern of responses for an indiliduai, can
indicate the extent- to which the student is using "erroneous ru1es to
solve the prob1ems. However, as pointed out by Tatsuoka:and_Tatsuoka ‘
7(1983{, since most tests do not have’ the special structure required’
for. the calculation of the ICI, the method has a 1imited'app1ication.

" The detai]edlqho1ysis that wastreouired to.c=oduce a workable'”
'system.in signed'number arithmetic sugdests that..- vy n€11'he no
genera1 all-purpose computer prqoram that will be able;to"magica]1y
'diagnose a pupii's erroneous answers to test'items regardiess,of the'
subJect matter; A\fu11hana1ysis of_the:1ogica1'steps:in‘prohiem.
— so1ution'outside'the area of mathematics iS‘1ike1y to bevheyond'the

F) L - . -
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capabilities of_teachers, curricu1um"specia1ists, and professional

g = e e i o

test ‘constructors. . S

|
Howeyer, Nesb1t (1966) did demonstrate an approach éb diagnostic’

'
ki

testing that teachers cou]d hand]e. It. requires that-a teacher
cata1ogues the 1mportant érrors and/or m1sconceptions common among
students in a particu]ar curr1cu1um subdomain, and then- writes
.mu1t1p1e choice 1tems"1n which the 1ncorrect'a1ternat1ves'(orJ
| distractorsf'ref1ect.these common misconcEptions. Simple analysis of
\wthe responses to.avset\of such questions:can 1nd1cate‘whether a
student is operating under a particu]an misconception‘or not. fhough
far tess comprehensive than the Tatsuoka and Tatsuoka system, and not -
based on.a detailed 1ogica1 analysis, this approach appears to be much
more. practica1. Even so,’ experience suggests-that the cataloging of
error, types 1n a way that mu1t1p1e choice questions can d1fferent1ate
" between them stf]] requ1res cons1derab1e preparation, and groups of
teachers working together may find this more feasible than individual
d teachers./ The use of mu1t1p1e choice rather than Open -ended questions
-has the disadvantage of denying a student with an unusual
misconception or erroneous rule from the: Opportunity to demonstrate
1t, but/does focus on the ma1n or most frequent]y encountered errors.
III. DIAGNOSIS IN MEDxCINE )
Hhi]e diagnosis in many areas of educat1on has been making rather _
‘sTow‘progress, the Tast dozen years have.;een_enormous growth in
theory,and practice in the field of medicjne. -The 1imitations which

¢ ’ P !

o T e R8s
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prevent wholesale borrowing, from medical applications are both obvious

(does a "disease" model apply to gggggyqugln91fficu1ties?) and subtle

(does educational meésdrement achieve equal probabilistic
accufacies?). prever, recent developments withfn'hedicine,-and
especially within the technical field of artificalsintelligence in
medical diagnosis, make itéimpqrtant fgr educator's tolexamine the

. sucegses and failure even 1f details of the diagnostic duestion are
not completely parallel between professions. .

The practice of-diagnOStic medicine has been under refjnehent'for.
as long as medical schools have existed in America. :Indeed for an
extended period of.fime,jexcept f;r a:féw medicinals and a 1imited
surgical repertoire, thevpracticg of mediqine was virtually restricted
to the formu1a;ion of dTagnoses. In this one area, ph§¥1c15ﬁs were
able to develop éxténsiQe and oftenx1abyrfnth1an_categor1es within

categories, deve10p1ng‘ahd occasionally d1scar¢jng the pieces of
diagnosiic noso1dgy, building a fpundation of modern diagnostic' _
practice. ;Todayfs'genera1.practitioner faces thousands of possible,
fully 1egit1mafed, diagnostic sifuations;tfor the common kinds of
11Thes§; all of,the'foi1oy1ng are likely to be true:
' a) thelCategory is a récogniied and documented disease entjt&;
" b) the sfatus indicators - signs, symptoms, and relevant h1§tory,'
are either specifically understood and delineated or, at worst,

have already undergone detailed 5?39’3

c) the probabilities associat&ﬂg thé presenting Symptoms with a
variety of disease hypotheses are known fairly c1ose]y;

& -
PR

.29
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d) the probabilities associating the various diseases'nith
best-fitted therapeutic strategies are known in a general way;

re) the probabiiities associatjng each d.sease -and—i ts—recommended——————-
treatment with patient outcome are at least roughly estimated;

f) the various combinations of costs and benefits, iqciuding
situations in wpich two or more diseases are compounded with each
" other’in the same case, are calculable.
Thus many presentin?'patient problems can often.be translated by ‘
cookbook into unaMbigUous terms:.'the'medicai problem is "x" within a
spe ific confidence interval, its course is fully anticipated with
" (and without) treatment nyt . andagych treatment has a closely |
predictabie‘iikeiihood ofibenefit at a known cost. -

From such a éignij defined diagnostic stfucture has emerged a
| ariety of sophifticated modeis used to explain the manner in which
the professiona} enters and exits the diagnostic question, how the
'various paths are profitab]y explored, and how the disease entity, in
time, is underétood both statically and dynanicaiiy (Gheorghe, Bali,
.niii & Qanéon, 1976; Miller, Hestphai & Reigart,'1981;.Pati1,

Szolovits & Schwartz, 1981, 1982; Szolovits, 1979; Szolovits & Pauker, |
©1978).
| Gorry (1970) defined diagnosis in the medicai context as
...the probiem solving activity directed toward the
classification of a patient for the purpose of relating
"experience with past patients to him and of assessing the

ther;pegtic and prognostic impiications of his condition
p..293). v

s

The diagnostic mode? which:ensues is'aoprobiem-soiving approach, in

which the professionai's knowledge, maintained as a generalization

~
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trom his professional -education, is brought into focus in aligning the
particular signs and symptoms to the closest s1mi1ar known disease.
evaluation qf decision a]ternatives, and the making_ofAsuitab1e .
dfagnosis or the obtaining of additiona] information 1f theé. diagnosis
is not yet 1nd1cated. It is a mgﬂe] as much of cognitive funct1on1ng
as of diagnosis 1tse1f (and, perhaps suprising1y, enbodies certain
strong resemblances to the model of educational diagnosis deve1oped by
Thomas). The {idea of a decfsion tree, and a number of‘mathematica1
- prOperties assocfated with such processes, have been exp11cated in
\deta11 (see Jacquez, 1972; Lauder, 1981) the decision tree enters the
physician's strategy at ‘the point of eva1uatihg decision
. ) \
~a1p:>ngfives. The model is carried further by such writers as
Elstein, Schulman and Sprafka (1978) who point out that many
physicians do not enter the problem-solving approach without already
having’formed a series of working hypotheses:
Early generation of tentative diagnostic hypotheses 1s ...
used by clinicians. to bound the regions of the potential’
problem space most 1ikely to yield the solution. The
subsequent workup is planned to permit testing or
refinement...The method used to narrow diagnostic hypotheses
and reach closure about problems or treatment alternatives is -
a form. of means-end aralysis in which specific clinical
findings or clusters of finding serve as.operators or movers
to reduce the distance between the point where the problem -
solver is and where he would 1ike to go (p. 218).
In a mass1ve study of diagnosis and computer1zat10n fn medicine,

Williams (1981) presented a series of viewpoints’ about the diagnostiu ‘



-2 - - .

‘process oriented around the orderly and logical clustering of

phenomena by the observer. A major question posed by Williams is

“Vwhen to study and when fﬁ‘iff?*fi‘ﬁﬁéstﬁvnfwnfch"can‘be*addressed”by““
categorical, probabilistic, artificial 1nte11igencé, and pattern,

recognition models, éazh of which carries an extended and precise

mathematical definition.-

3

...Categorical approaches are particularly appropriate when i
the individual..."doesn't know where to start", when hg seeks
focus and context in a comples and i11-bounded area, and when
‘decision choices may_be optimized and then stardardized
according to categorical criteria. Probabilistic approaches
are most useful for 1imited and clearly bounded problems with -
-mathematically manageable numbers of variables. When “good®
and’ relevant data are available, classic probabilistic
approaches.are applicable and may be used to support and
refing expert decisions. When such data are not available,
expert judgment may be codified using pseudoprobabilistic’
.. techniques ‘and plausible reasoning, procedures that are also

important in propagating even well supported uncertainty

estimates, derived from classic probability, between modeis
at different levels (vol.l, p.156).

The -diagnostic situation.in medicine involves, in its §1mp1est
form, tNe'néfufe of theli11ness, the skills of the pfofessioﬁa] in
éiscoveriné the.exact specifications of Ehat1111pess; and the tools

‘available to aid that discovery progesg. In theffirst two areas the
last décade'has seen extenéiye reseércn in stétistica1 modeling oé’
diagnoétic c1as§ff1cat10ﬁ; diagnostic probap111t§és; pptimization AU
| strategies, \ahd decision ﬁatns. ' .

explosion of

In the 1ast area, there has been an

|effort in relation to computerization of the diagnostic.
\ - S |
» . . |

process. \

|

\

\

!
i
\
!

v

!
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A number of writers (Barr & Feigenbaum, 1932; Blois, 1980;
Rogers, Ryack and Moeller, 1979; Weiss, Kulikowski, Anarel, & Safir,

_h__N19781_have.provided overviews of computer-aided medica] diagnosis.

Over the past two- decades,\severai extreme]y sophisticated interactive _
. inquiry programs . have been ercuted,,the,end user is prompted for | '
’specific information and shown, at appropriate places, the variety of
.possibie diagnoses under consideration. MYCIN, for instance utilizes
a strategy of narrowing its- options based on its Conversation with the
'medica1 professional-at a computer terminal until a point at which it _
“can state a diagnosis its confidence in’ that diagnosis, some
wa]ternative diagnoses if applicable, and a recommendation for course
of‘treatment in both expected and'adverse circumstances. The typical
configuration of afComputer-based diagnostic system involves a .
disease-symptom database, a comenation of heuristic and statistical
algorithms for deve]oping decisirns ‘and through the input of the
medical professiona1 interactive contact nith the -target case during
"the diagnostic process and again upon confirmation of the diagnosis.
The tast step provides a feedback mechanism w‘th which the. proaram can
validate its database. These approaches.are not nithout controversy._
(see discussion section below) but the potential for computerization
of the diagnostic process in medicine has been thoroughly |
demonstrated | o \
Specific i11ustrations can be, found even in areas where the

ko
“ experienced c1inician_faces a challenge. One diagnostic problem in

"

Cia | : if3ffli
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newborns occurs because a wide variety-of congential malformation is
possible yet any singie physician is. 1ike1y‘to encounter them rarely.

’

..Computer. programs_noNNexist which L allow. interactive probab]istic o
diagnostic determination to be made .by a computer which accesses 224
d¢ifferent postnatal syndromes. Bone marrow eva]uation, a pathologicai
speciality which relies on extensive amounts of complex data, is -

* currently being conducted on a experimental basis using a
microcomputer (Wheeler, 1983). The program collects data from several
sources, provides textual and‘graphic information to the medical ’
protessional, and concludes with a Disease Attribute-Matrix Score,
which combines symptoms and statistical weights to yield a tentative
diagnosis or;ruieout. ‘This can be accepted or returned for‘revision,
in nhich instances the user enters a series of increasingly se}ective
queries in. an attempt to furtner refine the working hypotheses.

- Probabilistic modeiing of medical decision making is_another
topic in current deveiopment for microcomputers (Galen 1983; Savage,
r972), apparentiy with success. Over the remainder of this decade,
the profession anticipates increasing re1iance on computer technology
not'oniy in the making of specific diagnoses to fit specific -
’i%diiidual cases, but in enabling the medical professional to'improve

, the entire diagnostic process. o '

1V, A- COMPREHENSIVE MODEL 0F~DIAGNOSIS IN EDUGATION -

" A review of the successes of diagnostic'tneoryiand practice in -

medicine from the viewpoint ofieducation i11uminates.the.fo]]owing

3
b . .

.
RN v v . .
. N~ Al
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general problems. Unlike medicine, which draws from extensive
e;perienCé with most disease entities, educationa1AdiagnOSis seldom

has the samé.unambiguOus reference base. While medical diagnosis o

successfully emp]bys probabilistic methods, educational diagnosis only

occasiona]]x/has sufficient amounts of information to support .

[

/ N : ol .
-probabilistic techniques. Medical diagnosis builds on strong
/. . ) - ) .
'inference, but educational diagnosis has developed only portions of

/ : ) )
the necessary inference tzchniques which would allow the .same degree
v/l ' ' ) ;
" of success.

; v

/// As Henﬁesey (1981) illustrates, edugatioha] diagnoﬁtic
y VA . . _ - e T '
/ . specialists have acrumulated "a vast amount of rich data and insight

' to support their praétices" (pL.56)..‘Yet»the prgseht status of models
of diagnosis in education is significantly beﬁjﬁd‘that of di;gnostic"
mo@e]éfiﬁ medicine in at 1eas% three respectsf Hﬁét éppears to be
lacking in education is the fpllowing:,. -

a) design of strategies: an explanation of uhgt?ihe- ’
diagnostic orocess specifically attends to (and’ what it
" {gnores) us well as what it requires-the professional to do
‘and the range of -optios available for doing such; '
b)'accumu1at10n of "evidence: a def1n1t10n'of Qhat constitutes
sufficient informa.ion for finalizing a diagnosis and a
recognition of the strengths and weaknesses of differing .
'1nformat10n-gatngr1ng strategies; apd o . :
. ¢) computerization: use of computers to aid the teacher in
collecting and evaluating data towards concluding in a
- . dfagnosis. o o ,
The first two réqu1rements.deaigw1th the}scope o%_tpe diagnostic
inguiry. Thomas' first."briiical queétiqn": what are Epg;specific ,
cbjectives which the 1pd1V1dua1 student is expected to have achieved?
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The appropriate'signs'and symptoms are those which point to some
failure in expected achievement with“thbse specific objectives; the

working hypotheses concern the variety of plausible explanations for.

“such a deficit. At that point, the second Fequiferient indicates that ~

the'next task is to d1scover data which will narrow the 1ist of
working hypotheses appropriate1y.

"Within thfs context, a‘genéra}ized mode], adapted from.Burke (fﬁ
Williams, 1981) .with permission, shows how the task of daagnosis fits .
between the problem and the management solution. Figure 3 trdces the
stepsAof this generalized model of'diagnostic_proces;. In1t1a1 signs '

and symptoms are'organiged,'fo11bh1ng a theoretical base if possible,

"such that an initial profile of the student's weaknesses can be drawn

';together. This profile needs to addreSs'the target deficit with

Y

sufficient specificity (the substance of the area of achievement must

be represented adequate]y) and with suff1c1ent se]ect1v1ty (the range

of performance w1th1n the area of achievement must bracket the ch11d s

present capab111t1es) (Heiss 1983) Amp1e cons1derat1on must also be

S

paid to instructionail history (Tatsuoka & Birenbaum, 1979) working

'hypotheses are developed, the more forma11y associated n1th theory the

better based on an 1n1t1a1 understanding of the pattern of responses, -
and from these hypotheses the most germaine diagnostic test strategies
(elaborated in the fo1]ow1ng section) are'brought 1nto'p1a§. |
"Pattern,” in the contekt of indgviqua112eo diagnostic assessment; fs

used to reflect unusual responses to 2 set of test.items, or a set of

~

23 . 38
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-4
specific erroneous_reSponses acros similar items in a test. (For some
testing-strategies Which exp]ore the latter, Fee the accompanying )
paper by Choppin, 1983.) - / ’

: Following the deve1opment of in1tia1 hypotheses the ideal
construction of a diagnostic process stems from the professiona1 s
careful reading of. the evidence to date and sequencing of steps to

'-gather additiona1 evidence, unti1 one of three actions can/occur//
. a) the initia1 hypotheses concerning the\specific educationa1
.prob1em are supported by the tests; }
b) the initial hypotheses are supportcd but with and unacceptab]e

\u

level of ambiguity; -
~¢) the initial hypotheses are excluded.

If the initial hypotheses are supported by the tests, no‘further
testing is required and the examiner moves, with some. certainty, to
the task of imp1ementing an appropriate remediation,’tai1oring of the
curricu1um, re;education or referra]. The. examiner»arrives at the
diagnostic end point with, confidence and can optimize the se1ect!on of

" a management strategy for the ‘use. However, the initia1 hypotheses
may not_ be comp1ete1y supported by the tests further testing which
might 1end c1arity .may be too cost]y in time or money. With some .’
degree of uncertainty the "examiner moves to the management of the case-
(and such management may consist of a referra1 for more specia]ized

testing or simply waiting-for.some favorab1e turn of events). While

the examiner traces the same path-on?Figure 3, as for the successful

O : . -
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d1agnosis, the outcome is expressed in less certain items

~

o

A1ternat1ve1y, the examiner can use further testing to investigate-

‘whether the inital hypotheses can be overturned and the working

diagnostic interpretation. exc]uded ("exclusion certain ), or whethérra -

different approach to the problem can generate- confirmation of the’ -[
jnita] -hypotheses from separate perspective ("confirmation certain

" the initiai hypotheses are exc1uded by one of three approaches. The
diagnostic testing may prove. them untenable. Some ear]y exclusion
'criterion such as strong evidence from prior testing or. another
professiona] s provided which obviates the need to expiore the
initia] diagnostic hypotheses further. . Or those hypotheses may'be'
excluded by an “éxception trigger,_ a critica17finding that manifests "
itse]f in psycho]ogica] or’ educatiqna] difficu1ties but stems from a
comp]ete]y different domain a]together, for examp1e, organic i11ness.
vThese exc]usions a11 Jead the examiner anay from the diagnostic

X endpoint in the 1oner right .corner of Figure 3, and euch imp1ies that

~ the inita]ihypothese were unsatisfactory. Further work is required '

- not T1ikely invo1ving a second 1ook at the initia1 profi1es of
educationa1 prob]ems ‘to generate a new act of working hypotheses.

At this stage, the mode1 has served to aiert the teacher tqgthe

possibility that a) initia] hypotheses fit nithin a context of poth
avai1ab1e evidence ‘and. theory; and b) these working hypotheses help

determine both what further evidence to gathér and what exceptions to

_cqnsider at the same time.~ More detail about the 0perations,within

- ’ ‘
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«diagnostic testing is otfered below; at this juncture however,‘it is

-~

1mportant to note that three goa]s in tracing d1agnos1s in Figure 3
frcm top left to Tower right are to do S0 qu1ck1y, efficient]y; and.
mw1tﬁ’*_h1gh 1eve1 of confidence. fThese“three -are: not ent1re1y 'ﬁ“"‘*M“"~
exc1usive but practica] considerat1ons mitigate heavily against the
professigna] proceeding well on all three accounts un1ess the data are
N also of high quality. - - ‘ {"
Acquiring data to. support (or remove) a working hypothes1s can
’ proceed in several ways. Thomas (1983) supplies six possitle sources
of data: stahdareized tests, teacheremade—tests;—worksheets*ahd—"2—’
. redﬂ]ar sthdent assignments, uhrecorhed obserVatiens,'rat1n§'sca]es
.ahd'ihterviews. ‘The section which follows explores options for‘formall
’»test;strategies invdiegnosis. ‘The present'state'of educational
_Festihé in diagnosis is just @morging froh ah eié]hsive reliance on
conhentionh] ad seriatim.testing and moving into *fch var1et§ df'other
. strategies, some of which are set forth in Figure 4. A The figure
portrays schematica%1y the movement made by the studeht when faced e
with a single test item’ and the ensuing possib]e dec1sion points
'ava11ab1e to. the examiner in each of four test strategies. The four

general schemes are:

a) ad seriatim testing -- tesg items are- adm1n1stered from
irst to last. No change in sequence i$ contemplated during :
the test, and, generally the evaluation of'the diagnostic -
hypothesis is not begun until comp1et10n of the test. Most-
conventional- educational testing and a majority. of existing
. tests designed to be inherently d1agnost1c 1n app11cation
proceed in this manner.

<4
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v s
b) answer- -until correct test1ng -~ test- 1tems are '
. administered from first to last, but a wrong answer returns -
the student to another opportunity to respond: to the same
item"again, with available answers reduced by one. The
. evaluation of diagnostic hypotheses cccurs as the Student
. oe repeats the same answer. strategy and obtains' similar
. sequences of wrong answers from item to item. '

) ~ ¢) compress-deccmpress (or ' stradaptive" [Thomps0n & Weiss,
. . .19807) testing test -- items are administered according to a
selection rule or structural lattice which allows a correct
e response to'one item to lead to an item of greater
complexity, while a wrong response to the first item leads
hext to an item of greater simplicity. The evaluation of
- diagnostic hypotheses occurs as. the student repeatedly
selects similar erroneous responses across items, and/or
. selects correctly at one level of test complexity but not at
the next higher level; and/or selects diss1m11ar responses
across items of the same comp1ex1ty. .

N SR DU \‘

T d) deve1opmenta1 testing -- test items are adminstere: o
serially, often across an extended period of time. The
student's response to each item is codified in multipte ways,
which may include appraisals of the method or methods the
student utilized to reach an answer, the type of answer ~
given, how the student chooses to represent that answer in :
some formal way such as ‘with text or symbols, and/or how the
student reconstructs the original problem from the '
representation .she made earlier. Evaluation of diagnostic
hypotheses is possible: upon complete. cod1f1cat1on of scores
to each 1tem. \ . .

w o »

Each of" the four “maps" for, trave]ing through. a test has been
used for. tests which are not 1nherent1y diagnostic in nature. Nor,do‘r!
the four provideseither an exhaustive review of all poss1b1e test
deshgn strategies nor necessari]y a set of practica]]y exclusive
heurist1c5" it 1s ent1re1y poss1b1e ‘that advantages of one or another
of the designs can'be fo]ded into. a combined form of testing, and/or
that a s1ng1e test could begin with one scheme but branch to another '

at somepdecision-point; However, the’ pr1mary reason for
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distinguishing from "maps” at persent islto demonstrate the differing
sources of diagnostic information that occur within each:
Ad serfatim testing;. diagnostjea11y useful information is

available at the end of a comp]ete seauenge-of items, but only under
:speciai circumstances:1s‘information available before‘testing is
terminated. ) | | . | |

'flAnswerQunt11 correct testing: diagnostically useful-information
is available whenever students select incorrect answers, and such
information can be used to terminate testing before the gest-item.
Howeuer, the 1ntormation prov{des no immediate guidanCe'as to sourees
”oflerror. _

_ Compress'decompress testing- Fdiagnostica11y useful %nformation
1s available after each student response because the correctness of

Al v

the respose 1s used to determine the next item to be presented. The .
nature of the error made if the response is 1ncorrect can, be
evaluated. The student may work towards some “ba1ance.p,Jnt" within a
“domain, in uh1ch more difficult items cannot be answered without error
‘while 1ess difficult ‘items pose no prob]em. ?

Neo Viagetian testing: d1agnost1ca11y useful 1nformation is

avai]ab]e wh11e the student is making a response, after the student

has completed the response, as the student works 10 draw or write down -

the problem as a represermative of his/her thinking, and as the
_ student views that dranyng or written narrativg and talks about

‘his/her memory of the problem and the response.

43
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A1l four approachés have ana1?gues {d medical diagnosis. ‘The . :
fibst, seriatim testing, reflects the protocol followed in obtaiﬁiﬁg a
‘patientﬂs responses to a standard fami]y meédical histsry. The patient
goes straight thrcugh:until the final item without 1nterfefence from
the medical professional. The second,answef—@nti]-correct'testing,
. mirrors the protocol used when pcrtions of that‘saﬁe’histony ere
'readministerec~ora11y for purposes of confirmation or furcher detail.

The fourth, deve]opmeﬁta] testing follows to some degree the

mu1t1-mode11cy testing used in such complex arenas as
neUrOpathc1ogica1 diagnosis; 1niﬁh1ch the profess1bna1iu:es a wide
range of dissimilar tests over a period;of time in order to isolate a.
specific impairment. | ’ |

The third appcqpch, compress-decompress testing, reflects the
moreycomp1ex protqco]s'ffeQuent]y recuired tc'diagnose those prqblems"'
for which mu1t1p1e é1ternative=exp1anat1ons are eot easy to ruTe out.
As theiprofess1ona1ibegins to believe s/he has‘acqﬁired information
which f1cs, that 1nformat1cn is incorporated (or “compressed#) 1nto.a'
more encompass1ng understanding of the prob1em, until, at scme po1nt
1n time, suff1c1ent ronf1rmatory data is 1n nand 20 a11on, w1thout

‘further de]ay, a diagnos1s and a plan of medical care. However, as

tNe professionul gathers information wh1ch is disconf1rmatory, the

diagnostic ‘process now moves to. “decompress the ava11ab1e
1nformat1on, and if necessary gather even more data, until a p1ausib1e

o

a]ternative hypothesis emerges with some degree of certainty.

: I w4€4 e .
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The generéi mode? of diagnostic process allows a perspective on
erossib1e computerization., First, using a computer to accomp1ish this
- process requires that enough is already known about particular sets.of
errors or,prob]ems to’ faci]itate the formetion of initial hypotheses.
‘If‘true, then eech.of the four heuristic designs.of Figure 4 can be.
' brought within the str1ctures of the rea1 -time interactive computer.
: Second, with the computer used for both administration and statistica1
' sana1ysis, the teacher cari’ engage interactively, during test
administration or after, to provide-add1t1ona1\1nformation for
a cate§0r1ca1for probabiiistic diaénostic assessment predfcateo on
solid mathematica] principles }Bock & Mislevy, i982§ Totsuoka & Linh,
‘_19§3; Weiss, 1982). Further comments about computertzatioh'fo11ow '
later in this paper. )
DISCUSSION ' | |

1. Diagnostic 1nterpretations of - 111ustrat1ve data

The fol1ow1ng is a‘brjef summary of findings from four‘studies_of
test performance - and d1agnosis4 an-adLseriat1m test of language arts -
skills (presenéed 1n deta11 as a separate report). an answer-unt11-

\

‘correct test of arithmetic skills, a compress-decompress prototype
\ v
test of understand1ng of -science, and aidevelopmental test of

~elementary number concepts. . The first,\second, and-fourth tests

: | ' ., -
adhere c1ose1y to the first, second, ahd;fourth-heurist1cs‘of

\

'diagnost1C‘testing presented earlier (ad serfatim,

., answer-until-correct, and neo Piagetian; the third servel to
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i11ustrate certainzaspects of the third heuristic .
-ﬂ(cbmpress-decompre;s)ua]though.1t was"de1ivered,to students serially.
.« The four‘tests wer? each designed to ref‘ict.very specific subject

domains and were administered in different ways to different

examinees

Language- arts - a 92 1tem test of “pronoun- understanding, in-which:
the deve1opment of the items followed a rigorous structural
‘interpretation of pronoun usage and complexity,- and of the
sentence context within which target pronouns were
embedded. The test items were developed to reflect the
application of six rules of grammar in usage of first person
plural, third person singular, and third person plural
'constyuctjons. For each rule, six items required the s
examifee to.recognize and select the correct form and rule .

. ~ without making inferences, and six required the student to
. ~ 4infer the correct form and concept from the item stem. This.
' test was administered as.a paper-and-pencil test to 49 -
‘Fluent, English Proficient and 79 Limited English Proficient
~ sixth, graders in Los Angeles County. ,

"¢ Arithmetic skills: A 10 1tem test of ar1thmet1c sk111s 1nvo1v1ng
.addition, subtraction, and multiplication approximately .
geared to the sixth grade level. This test was administered
on a one-to-one basis by microcomputer following the .
ansner-unt11-correct strategy (jtems were presented again if
the examinee's response was wrong, until such time as the
" right -answer was, selected from the remaining options or
1tself was the only remaining optjon). Examinees for this

--tegt-were.68-fourth-through. etghth.grade - students attending
summer ‘courses -in comput1ng at UCLA.

. Understand1ng of science: . a 20-1tem test of se1ected concepts 1n
science, constructed with attention to tmo key factors: -
rational -construction of distractors within each item and
between related 1tems, and hierarchical ordering of items by
complexity. The test involved three kinds of distractors:
logtcal ‘fallacy, intuition. distraction, content distraction,

- presented in items of low, medium-and high difficulty 1n [
form selected topics in sciences” This test was administered
~as a paper-and-pencil test to 190 students represent1ng a -’
~ very large range of exposure to science concepts: b
h1gh-ta1ent pr1vate fun1or n1gh students. a m1xed range of

. . . . : i o .
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.. ability levels in public high school classes, and entering
" . college freshmefi studying Introductory Biology, all in Los
Angeles County.

Elementary nuiber concepts: a multi-part developmental test of
selected concepts in counting and constructing one-and
two-digit numbering wooden blocks. The test examined
concepts. of numbers including .counting, adding/subtracting, °
constructing with modular blocks and constructing 3
combinations. This test, building extensively on
neo-Piagettan theory, was administered adaptively on a

. one-to-one basis by trained examiners to 99 kindergarten
+ through second grade pupils in‘Santa Barbara County. b

Thé Janguage arts'test data was 'extensively gnalfzed{by methods
" which address group and subgroup;q1st1nct1ons and Hffferences between
Efacéts-of the item des1gh; 0f interest to fhe breséﬁt report are
those_find1ngs wh1ch_addr;ss 1nd1v1dha1_penfor&énce. .Hhat emefges is
iadprof11e‘of each éXam1néé's perfoﬁmancé presénted as proportion of
correct respénsé‘to'the“1tem facets, annotated by a- statistic which
éddresseslcdrrespoﬁdence between profiles and various generalizability
coefficients at"bach'fécet;"f§e16ct§gfcases show substantial variation
'..1h relation to the 1tém facets, but 61ass1éa1 test_st?ategies shoﬁ ‘
nthht.the test 1tsgﬁf is reliable and that"cértq1hvéxpéctgd:pafterns of
‘performance {1ower suéﬁesé with contegt-embedded pronouns than with |
_the.same pronoun in-an item witﬁout the embédd1ng, fbr gxémp1g) .k
:genera11y'ho1d true: D1agnoseslof individual prob1ems'w1th,p9rt1cu1§;~
forms_.of £ronoun usage-cqnobe eas11y‘drénn from'exam1nat16n“§¥: .
pétéerns ;f pErforpance‘on'a case-by-éase b§;1s: In this sénsg,'the
prédom1ﬁant'mean1hg of “ﬁatterﬁ“ is a prof1}§;of sub§9a1e?scyrés.; .
Some d1ff1¢u1t1es were common to all stqdehtﬁ,fand thus no} 1nheren;]y=

'y
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diagnostic. Other difticu1ties_app1ed to selected students, and for,
"these the individual prof11es should yield diagnostica11y useful
1nformation Profile for students with fluency in English were |
para]]e]ed by the profiles for Limited English Proficient students.
$urther discussion is found in the accompanying report (Hebb et al,
1983). ' } S s

. The arithmetic sk111s answer-until dorrect-test was ana1yzed by a
”variety of methods which primarily address 1ssues of re11ab111ty and
" selection- (for an extended d1scussion see the accompanying reports by
Hi]cox, 1983) The procedures eva]uate the probab111ty of correct]y

' determining that a given examinee knows a given 1tem. Using the

ansner-unti1-correct model, ~probabilities were estimated for each
1tem: the first six had probab111ties exceeding 853 -the remainder // ,
were at Teast 71 or greater. The probab111t¥ of at 1east seven '
correct decisions (i.e., nhether it was correct1y detenn1ned that an !
examinee knows an 1tem) cou1d a1so be estimated for this test. Using
'recent psychometric deve1opments it was determined that an EStimated\
lower bound of th1s probab111ty value was .70, while the estimated
lower bound of at 1east s1x out of ten correct ec1sion was .83. Thus
| the test appears to be fairly accurate, a1though dditional scoring
L ru1es which are useful in {mproving accuracy had inimal effect with
o th1s dataset. ) h.\ C }P \ _
Essent1a11y, this analys1s is premised on‘a latent-trait mode1 of .

exam1nee_behavior,. nwhich the harder {tems generate more 1naccurate




- measures of whether br nét the student knows the correct ansuer, and.
at the same time ca11/ﬁnto p1ay more. guessing behaviors. ‘ige
probabi]ity of making a g1ven number of correct decisions given the

“tota1 number of 1tems 15 ana1ogous to a test of reliability, in that

‘-béth‘generate‘a single number which'characterfzes tpeﬁadequacy of tne.
set of test jtems. These procedures, however, do not specifically .
speak to the prob1em of individual diagnosis. Instead, that issue can
be taken,up by other measures .of 1nd1v1dua1 cerformance using the o
probabiiistic information of correct determination of the 1nd1vidua1 $
aatent state as a base. However, it-shou]d be note¢ that methods . .
wh1“h using the first response only as indication of r1ght or wrong

/wd11 not comport vith the answer-unti]-correct ana]yses, because the

by]atter are able- to take the fu11 ‘nature of the response behaviors to a
given item into account. ~The on1y case in which trad1tiona1 measure
of 1/0 scoring based on first response on]y will agree-with
answer-unti]-correct ana1yses is. the 1mpossib1e case in which
examinees never find the correct answer if they miss an item on the
first try. ' ST »w. - f r

. SOOIt 1s.fmpdrtant to note that answer-yntilicorrect testing

. ut11izes a high1j specific defin1t1on‘of "pattern tn ana1yzing test |
performance° "pattern" is saken to mean repeated attempts to secure a

; correct answer, with both the number of such attempts u1th1n a given
item and the number of * 1tems requir1ng repeated attempts having . a: -

| i direct impact on the assoc1ated stat1st1cs., The use of L
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answer-until correctxtesting‘to d1agnose 1nd1v1dua1 d1ff1cu1ties in a
: content doma1n cou1d re]y upon these two e}ements within the
individual pattern of_performance.

Research efforts by a diverse group of-edycational and:
'psycho1ogica1 workerc have explored the nature'of 1ogica1 tninking and .
hierarchical structur1ng of know1edge (ct. Cotton, Ga11agher and
Marshn1 1921,*Dreyfus and Jungwirth 1980, Rodgin,_}955) but in’
general there remains a great deal of disagreement as tc how
hierachies may be assembled and to their va11d1ty and repeatabi]ity :

" even within narrow1y def1ned topic ‘areas.  The po1nt of view adopted
is,cr{tjcd1 in détenm1ntng the rest of the research‘that ensues. In.
“the area oftstructuce of.mathemat1ca1 concepts in school children, for
examp]e, recent -publications by workers in England (Hart, 1981; -
Osborne, 1983), Russia (Krutetskii, 1976) and Finland (Keranto, 1981)
appeér to share very 1ittle'in common. Despite this, work has
'}progressed towards analyzing tests in selected topics d1agnost1ca11y.\
In the area of'diagnostic test1ng of mathemot1ca1 ab111t1es, Birenbaum
.and Tatsuokn s (1980) contribution fs but one of a series from workers
at the Un1vers1ty of I111no1s, for diagnostic testing of science .
concepts several studies can be cited.which have proved at 1east
};ntio11y successful (cf. Bartov, 1978; Gorodetsky & Hoz, 1980; tong,
“Okey & Yearny, 1978) 'Joantones (1981) review prov1des an exce]]ent

overview of prob1ems in diagnostic testing in science.:

LI
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The compress-decompress prototype test of understanding of

]

science was an attempt to.incorporate Sfruéfura1 hierarchies relating
to conceptual understanding of seiected science topics with a i
ru1e-based aigorithm for the construction of each distractor to each
: item. A three 1evel comprehension strategy (factua1 knowledge,
recognition of principle as well as factual knowledge, and appiication
“as well as recognition of principle) was used to construct a twenty p
item. test. Each item's four choices were restricted to a 1ogica1 |
fallacy, an intuition, a faulty content simiiarity, and the correct '
response. ,(A detailed report of the resu1ts of this study is found in
Shaha (1983)). | |

In the context of the present paper, the important data e1ements
from this endeavor are three in number: first the genera1 profile of
responses across correct and incorrect aiternatives for related items
at different levels of comprehension second, the general profile %&
'responses for those items across the same comprehension level; and.
third the degree of variation of performance of individuai examinees
. ni.h regard to both reiated items and 11ke levels.. Diagnostic
interpretations an be deriVed'directiy‘from the third "pattern”
1isted heres\ the uord pattern is taken to refer-both to specific
sorts of erroneous responses and to consistent (or inconsistent)
indicators of conceptuai level ‘across- differing subtopics. In this

test, missing more than one item at any level of comprehension was -

~almost ainays matched by a mass of at least two more difficult items

3
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in tne same domain. -Whiie error patterns.did not appear consistant
across the entife test, there were consistent patterns of error,
particuiar]y 1ogica1 fallacy and intuition errors, within topics
Deve]opmenta] testing of chi]dren s number concepts among
A kindergarten first and .second’ graders was carried out in a variety of
separate subtopics on a oné to-ane basis by trained examiners; this
extended dataset has been kindly: supp]ied by Dn. Ju]es Zimmer of the.
University of California Santa Barbara. The data consist of four
v\separate appraisais by the examﬂner for every target response: the’
" trategy by whicn a given number concept prob]em vas solved, the
accuracy of that solution, the abiiity ‘of the chi1d to draw a version
of mhat she or he did to handle the problem, and the reconstruction of
J the.soiution-from that drawing a wéek later. Each of four sets of
‘vprobiens uas evaluated in this manner, yielding extensive data nnicn
couid‘be characterized as foiiows for.the major1t§ of cases: )

-  the accuracy of the résponse was usually related to the
strength of tne—strategy employed by the child.. ‘

- . the ability to represent the problem was usuai]y reiated to
the accuracy of the solution,:

=  the abi]ity £o reconstruct the prob]em from the
'representation was often related to 1n1t1a1Jstrategy

The diagnostic portion of the study concerned the question as to
wnether pattefns of performance by a minority of students were erratic

-
:

.over the sets of problems. Here the use of the word “pattern” is

,taken to mean inconsistent behavigrs across differing situations.

™
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Consistent behaviors were -taken as indication of level of mathematic
ability, wh11e 1ncon51stent behav1ors were v1ewed asfthe key to how
children would face specific trouble spots in their own. understanding
of number concepts. Because of the close contact between students and
teacher at this school 1ev61 this dataset represents the one present
source for uhich statisticai f1ags for individua]s can be ‘compared
b]ind]y to the informa] assessment made by their teachers. In brief,'
the diagnostic question was approached by eva]uating the extent .
- .of intrasubject agreement across prob]em sets. Within the subtopics,
those individuals who were substantia11y inconsistent ovéraii'were
-f]agged and the number of such f1ags tota]ed Seven students~were
identified as having a pattern of responses which revea]ed erratic
performance. These seven, p1us two others, uere the same students
independent]y seen by teachers as current]y in educationa] d1fficu1ty

or 1ike1y to require close attention during the present school year.

Further detail will appear in forthjoming reports. : ~«wmvf4~¢3

2. Advantgges and disadvan;aggs of diﬁggostic testijlin education.
. It is inaccurate to paint too ro vy a picture of computerized
: diagnostic testing in education at,this time. Despite exten51ve
psychometric research the prima{y'restrictions revo]ve‘around the
L, re]ativeiy course gruin/of‘measutement in educationa] testing. - That

is, .for-any sing]e test‘response or coi]ection of test behaviors in

o

* most areas of education, no reSponsibie party claims .to know the

compiete underlying calse.or causes. _In computerized psycho]ogica]

»
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‘vpaper-and-penc11 1nstruments. Unt11 computer1zat1on, adapt1ve

"1nstrument;§o the examinee at the appropr1ate_memeﬁ;s.
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" testing, in contrast, certain-test.responses, appearing as a set, .can

_ .be linked with very high confidence to a narrowly defined, and thus

diagnost{ca11§ strong, eet of likely exp1anationé. Likew1se; in manyu,: !
instances in computer1zed medical d1a9nost1c test1ng,‘once beyond a
cr1t1ca1 mass of ev1dence there are few other p1aus1b|e outcomes of " a
;est1ng a]g;rithm in addition to the one or ‘two primary diagnoses.

“The obvious success with which diagnosis takes place in the field .
of medicine cannof be matched by comparable succesees 1n‘mo§t ofuthe
field of educat1on. A variety of {nterre”ated eXbTanations for £h1s
current state of affairs are ava11ab1e, .among wh1ch are prob]ems of
diagnostic def1n1t{nn, test construction, and pract1ca1 management.

However, once a certain number of problems are favorably

resolved, it appears that using computers to score and interpret

diagnostic tests in educational settings can accrue the same -

advantages as_ in the current practice of computerized testing in
peycho]ogy and med1c1ne,~rF1r§t is the significant accumuTat1nn of
hard evidence in the‘forn of a compu:er'databank of diagnést1c
1nd1caeors. uUntil computer1zat1on; th1s bank ex1sts mainly as
1persona1 exper1ence. Until computer1zat1on, use of 1og1ca11y r1gorous .“

d1agnost1c procedures is mnrked1y 11m1ted by being tied-to

exp]orat1on of ‘possible d1agnost1c pathways is 1imited by the pat1ence

and ag1]1t/ of the teacher in br1ng1ng_var1ous parts of .a test 1
Al A . \ -

~ .
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- With an appropriate back1ogro£ data, a'computer—driven scoring
,procedure can efficientiy sort resu1ts of a_test_administration o
following algorithms regarding~hypothesisAiikeiihood. The ‘procedure l

i'can eva1uate an extended range of findings cooperatively across
severa1 different tests of the same 1nd1v1dua1..\The procedure can )
: exp1ore competing alternatives without prejudice, de1ivering in
+ conclusion a summary of findings, a statement as to the confidence
level of those findings within the context of, the given tests, and -
epotent1a11y useful avenues for etudent remediation. : ‘

One  key prob1em requiring further research is the prob1em of
proper1v encapsu1ating any respectab1e cross- section of subject matter
within the high1y restricted rules which govern both diagnostic
testing and computerization. That - is, even ‘the most f]exibie
d1agnostic strategy, managed by the most inteiiigent and

user-friend]y" computer programs, is 1ike1y to invo]ve severe
trade-offs between optimal, measurement characteristics, the avaiiabie
level of "understanding" of 1anguage built into the program, and
practica1 issues of both test app11cabi1ity and diagnostic
1nterpretation. Experience with a promising computer-drjven
educationai diagnostic aigorithm in the Netherlands (Gobits, 1973)
vaiidates these concerns: -

. One can expect...severe difficuities...when trying to convey

meaning by a language of very.restricted code, i.e. a language . )

. with severe regulations as to how the form should be. In fact it _

_ turned out to be practically. impossible to shape richer subject
matter content into‘the highly reguigted forms of the suggested

'
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'1anguage ... Tnhe moral, of course, is that any ‘language' one
devises for testing and feedback purposes with more restricted
code then natural language will pose practical problems...and
take additional instruction. (R. Gob1ts, personal
communication, 1981)

Another prob1em to 'be reso1¢ed is the c1oser 1ntegration of testk~'

objectives with curricula. This requirement is addressed 1nfrequent1y
but must be stressed. Even the most elegant statistica11y based
cgmputer-managed test sequence comes to naught 1f not tied to the
curr1cu1um. The re1at1ve success of d1agnost1c testing 1n reading and
simple arithmetic may . rest on the extensive acceptance in most schoo1
systems of reading and arithmetic curr1cu1a which genera11$ cover the
same explicit goa1s at the same grade 1eve1s even when ‘teaching
methbds digf/r widely. - However, many subject domains within American
pr1mary and secondary education,. such as the physical and b*o1o91ca1
_sciences t0p1cs in mathematics beyond elementary a]gebra, and
.computing, are treated upique1y even between ne1ghbor1ng schoo1s in
(:fhe samé district. With 1ittle commion ground to stand on diagnostic
testing may be much more d1ff1cu1t to organize on a broad scale.
R However, it 1s on1y fair. to indicate that many of the concerns
- |which pefrtain to'educationa1 diagnosis and ¢~ wuterization exist in
the best of efforts involving art1f1c1a1 intelligence to solve
diagnostic prob]ems in medicine. Szolovits and Pauker (1978)
eva1uat1rg a series of computer‘zed medical d1agnosis programs, 115t

«

:severa1 1mportant shortcomings:

-
1
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1. Programs which deal with relatively broad domains,..have
inadequate criteria for deciding when a diagnosis is

complete...The programs continue exploring less. and less sensible
aadgxiona1 hypotheses... ’

~

2. Because the initial strategy...is to use every significant
new finding...and because this strategy remains through the
programs' operation, new hypotheses are continually being
aCtivatéd.\. . \ ’
3. Part of the routine developed by clinicians is an appropriate
order for acquiring information systematically. Computer
. diagnosticians tend either to enforce such an order too
strictly...or not at all... ' ‘
e . . ] . Fi .
4. The programs rely on a giobal “assessment scheme, but they use
too weak semantics for the states over which they try to compute
approximate probabilities...None of the programs can dynamically
distinguish among...aggregate hypotheses... Yet there are
therapeutic and strategic decisions which hinge on just such
~distinctions... (ppl39-140) .
Advances .in computeri;ed medical diagnosis sihcg publication of this
important article have attended to, but have yet entirely resolved,
these concerns. . o |
\hgéiagnostic clarity is lacking in general educational practice,
the areas of reading and speech aside, partially because, uniike..
medicine or psychology, the=fiéTa'of educafjon has only occasional
databases which go beyond summary scores by which to examine one or
ﬁ%re.normative pagterné of skill acquisition. Moreovér, the processes
of skill learning even within very restriqfed areas such as arithmetic
are only beqihndng to be understood at the same level of detail as,
fof example, acquisition of object permanence in infants. In,spééch
and reading diagnosis, and to some dégrée in elementary operations.in

3
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arithmetic, djagnostic instruments are available which allow efficient
strategy, interpretation, anddnanagement. -This successkstems in'part
from a long cumuiative history of effort in these areas and in part
from the apiiity to define very closely the exact skills to be :
targetted at each step of the student's deve]opment{ However, even in
speech, reading, and arithmetic,'the field 1abors under_an excessive
number of plausible competing_hypotheses: many of which compound one
another. Thus'the task of obtaining clear and unambiguous diagnoses

is seldom one which can be completed with a large degree of

7y

confidence.
Test construction has advanced in countless respects during the
,1ast decade, including in particuiar the mathematicai and statisticai
deve]opments necessary to support aiternative test strategies.t
However, to construct an adequate diagnostic test requires an
additional series of considerationS' given appropriateiy specific
definitions, can onefwrite items for a conventionai or non

conventional diagnostic test, qhich are jointly corroborating,

exhaustive of the viable aiternatives; and parsimonious? The obvious -

goal is to obtainvreiiabie items which demonstrates differentiai
prediction of future performance. Hithin a test the re1ated items
must be st*ucturaiiy coherent both in respect to 1tep content and type
of'response. Yet the same jtems must also allow the student to give
any significant 1ogica11y interpretabie response whether correct or

'
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From the viewpoint 'of practjce,‘the management of a diagnostic.

.

test obvidgs1y requires more than the usual attention from=the
tgacher,ﬂand mbreleffort'id'1nterpret7 The;student,_though, may t;eat;
‘the experienée'f; inuch the'sqye‘ma;ner'as any other test, including
Ebtaining correct ahsﬁers by ;rgsneous methods and accidental guessing
., of corréct‘ahswers (both of which make educational diagﬁosis‘
__espec1a1]y dfffﬁcu1t). The—student'may sjmpIy be 310ppy in responding
but,ghé ;1agnost1§.protoco{ will attempt toltreht every answer, right

or wrong, as equally iegitimate.

-./.
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1. Test construction strategies
Because diagnostic testing depends‘criticaiiy on- the strength of

thectest items, strategies for the development of the strongest

¥

possible items are essential. Four'different strategies for writing

. multiple choice jtems and their distractors are considgred ‘below.

,

Hriters of mu]tip]e choice testing exhibit significant

>disagreement about the role p]ayed by distractors, the’ incorrect

alternative responses. In part this stems from’ the different uses to

which test scores are put. In a criterion- referenced test an

indorrect response direct]y conveys a piece of information about the
7

individuaies achievement, but in a normative test it'serves on1y as an

aid towards ranking students on a tota] scale. However, some of the .

Ed

_divergence resuits from confiicting views of the strategies adopted by

a student to answer a mu]tip]e choice item. Thus this paper continues
with a consideration of two ana]ytic approaches to anaiyzing patterns
of erroneous reSponses- -contingency ana]ysis, in which attraction to
similar distractors is tested categorica]iy, and prdbabi]istic
evaiuation, in which distractor attraction is tested by a process of
probabi]istic differentiation among- competing hypotheses.

s

Strategy 1. The P'Iausibi'liJ Criterion s .

Using the plausibility strategy item writers construct statements

that will ‘appear reasonable to an uninformed person, . but which would .

. be judged clearly incorrect by .an expert. Iwo items constructed in

6 -

“this way .from a Test. of the Understand ng of Science are presented in

Figure 1. As.a rule the correct response is written first, “and ‘then

-



hisffactor statements_are constructed to match it as nean1y as
possible in.terms of length and 1inguis£ic éomp1e§ity.\ Further,'the
distractors should appear sufficiently plausible to individuals witnl
"Tow achievement, so that a substantial QEOpnrtion of examinees wpn]d
be inclined to choose one of them rather than the correct ansner.
Estimates made by item yriters;of‘fne n1aysibi11ty_of narticu1ar-
distractors ar; nroné to errori-and'ft is rarely poss%51e to get a
reliable estimafe’of a pprticu]érrdistractor's drawjng power without
field testing the 1E;m in its comp]ete form. A génera1 guideline for
test constructors who work in this fashion 1s that a distractor that
attracts fewer than 10 percent of tife erroneous responses ‘§s not doing
1ts Jjob adequate]y and shou]d be replaced by awmore plausible

sgatement.' - - .( A
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Figure 1: Items illustrating distractors generated according to a
: p]ausibi]ity criterion. , }
. - ’ |
|
6. We do experiments when we are fearning science because:
. Experiments are used to test ideas by experience.

. Experiments enab]e us to. 1earn better.- . ,;

A
B
C. Experiments make 1earning more interestingi : i
D. /We can show that we all get the same results. |
gf/ It is important to learn to handle apparatus . f
O skillfully. o ';’

7. why should one make a written note of all the observations make
when carrying out a scientific Mvestigation?

y // A.- One might forget them, and they may turn out to be
// important later.

It is a good way to train powers of observation.
It trains one to think clearly and write accurate]y

B
, C
/ D. Good scientists always do it. .
E. One is supposed to have a comp]ete record of what has

/
s

done.

Source: IEA Test of Understanding Science - .
This method of constructing multiple choice items, though very
widespread, ‘usually is of 1imited interest in diagnostic testing
because the choiCe of a particular distractor seidom gives ciear
information about the learning prob]ems of ‘the individual” testee.

r

Strategy 2. The Use of Most Frequent Errors4

The “most frequent errors® strategy, in its simplest mode,
- ' N



consists of giving test items in an open-ended format to samples of
1ndividua1s at an appropriate level in order to"determine the three or
four erroneous responses that are given nitn the hignest frequency.
More pragmat1ca11y based than Strategy 1 .1t°produces distractors tnat
are. p]ausib]e ifrom the students point of view, but it suffers from a
major drawback 1n that mainy of the most frequent responses produced by

o students w111 be a]most correct. Thus high abi]ity students and
,experts may not be ab]e 10 d1scr1m1nate between correct and incorrect
responses with a high rat: of consistency, and overall test '
re11ab111ty'may be 10&. If the studentagenerated dist actors are:

~ - Mmodified by the test constructor to make them c1ear1y 1ncorrect then

A,their buiit-in p]aus1b111ty may disappear. Once again, note that.
d1stractors generated by this method are rare]y intended to. carry
diagnostic 1nformation. ) ’

" Strate gx 3. Logical Error AnaIXsis

Items can be designed such that the distractors revea1 spec1f1c

I‘g

'errors of logic and procedure.“ Figure 2 contains Items from an
_farithmet1c test in nnich the distractors have.ueen des1gned to be
cnosen by students who make'part1cu1ar proceduraT errors. A student‘f
who transfers 1ncorrect1y between the tens and units co1umn in item 9
. might be expected to pick response (E). In a test in which all the k
items" concentrate on a narrow domain of sk111s, such as 1nteger
aadition or subtraction, 1t may be possib1e to 1nfer certain

.'diagnostic conditions rrom the pattern of responses to the whole

test. However, many of the multiple-choice tests that use this

©ae




approach use quite different techniques for generating the distractors
s f
to different itemsy dependihg upon the content of each item

concerned.’ Figure 3 gives an example of twd such items from a science

L4

' achievemenf test. Here the diagnostic infbrmationwreﬁea1ed by a-
single incorrect response is too unreliable (see Tatsuoka, Bireqbauql»
ATatsuoka,gadd‘Bai]]ie, 1981) to be 1ﬁterpreted, and since the evidence

';proéided by different {tems bea}s on ‘different 1ssues,'ag§regat10n of

5

4 é PN .
the diagnostic information from the items is difficult.
h] I3

1

S
ro

Figure 2: Items constfucted according to a 1q91ca1'grror analysis.
. R ’ . T 3 N
§. 53 A. 33
- 26 . Bo -37
SRR c. 27
. ) D. 79
| E. 47 .
1 10. - 44 A 32
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Figure 3: Items illustrating logical error analysis for
' distractors but on unrelated content.
12, F1our is a fine powder obtained by grind1ng wheat or.other
* cereal grains. A pile of grain burns only very slowly
whereas flour dust suspended in air is exp]osive’ Which
of the following is. the best explanation”of this?

A. The heat produced when sma11 partic]es burn is greater
* .than the heat produced by the burning of large '
_ particles of the same substance. .
B. Grinding the grain changes its chemical composition.
C. For the same quantity of the material, small particies
. have a greater surface area in contact with air than
- large particles.
D. Small particles possess more energy than large
particles.:
“E. The flour burns- comp1ete1y vwhereas—the- p11e of-- grain
does not. . ).
' /
13. Two given elements combine to form a poisonous compound. .
B Which of the fo11ow1ng conclusions about the properties of
these two e1ements can be drawn from this 1nformat1bn7 L

A. Both elements are. certainly poisonous. ‘ b
B. At least one element is certainly poisonous.

C. One element is po1sonous the other is not.

D. Neither element is poisonous. '

- E. Neither element need be poisonous.

Source:' IEA Science Testr48
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Strategy 4. Theory Based Distractors

g Items can be defined fo11ow1ng a theory of the cons1stent parts

of erroneous understanding, this strategy for item wr1t1ng is -

t

comparat1ve1y rare: In a typ1ca1 exémp1e, the test constructor

€

attempts to use a theory of student cognitive behavior, a 1ogica1

ana1ysis of the subject area, or a personality theor) in order to

. def1ne a discrete number of rosponse types, and to write distractors

3

" for each item that falls into one of these types., A good example.of

such a test 1s the Cognitive Preference Stx1e in Science test

deve]oped by Kempa (Tamir & Kempa, 1978), a sample item from tnis test
is given in Figure 4. Four s§{1es of cognitive preference between
which the test is designed to discriminate are reca11,~pr1nc1p1es,
questioning,'and abp]icetion. The'item shown bas no incorrect ‘
answers; 1nstead it is hypothesf ed tnat.o student whose preference is’
* for the :gggll_sty]e would be most 11ke1y to. se]ect response (A), .

~whereas a student nhose preference is for app11cation wou]d tend to

" select option (B), etce Such tests typically used not for routine

assessment or diagnosis but for research"and in many cases the
evidence for their “theoretical . va]idity is not strong However,

1n1t1a1 successes in using strict tneoretica] frameworks to construct

~ such 1nstruments suggests that it 1s possib]e to -apply a more ’

)
A

_structured approacn to the design of distractors_for regu1ar



.Figure 4: Example. of a theory—based item structure.

bl

A gas spreads out to fi11 the volume: of the containing vessel.,
(A) Gas particles are in a state of motion.
(B) . The movement of the gas motecules enables us to
experience smells at a distance from their,origin.
(C) The speed of movement depends on the mass of the gas
! molecules. -
(D) The gas molecules are in a state of perpetual motion
~ because they possess kinetic energy. :

Source: Tamir and Kempa 1978. .

v

" 2. ContingenclgAna1ysis

-

Mu]tip]e-choice achievement test data characteristica11y show
" a fair amount of incons.stency: even~the most able.students sometimes
" select incorrect responses, for reasons that are often unclear. Less
able.students sometimes se]ect correct responses to difficu]t
problems, ‘again for reasons that are often unclear, probably but not
necessari]y guessing at random even when one might.hypothesize that
their 1eve1 of understanding would lead them to choose one particular.
‘distractor. : | . L. ’
Tests must be composed of many items if re]iabi]ity and precision

N are.to be achieved however, one major goa] of diagnostic testing

is to form re]iab]e diagnostic judgments from the pattern ‘of results
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of a parsimonious set of items. If meaningful diagnostic
interpretations are to be predicated on the choice of a particu]ar :
distractor, then, the item\and its distractors must themseives be
"strong enough’ to sustain 1t, within a reasonable probabi]ity the
seiection of a particular distractor must reflect the examinee's state
. of 1earning and/or mis1earning in the domain. )

A straightforward approach to the investigation of this issue is
'through contingency analysis. 1If items are_functioning as expected
3diagnostica11y. ve hypothesiie that an examinee who responds nith

' error "A" to one item winl a]so respond with error “A“ to re1ated
items. It is appropriate to require. as evi e\ce of the diagnostic
vaiidity of paired distractors. that a significantiy larger number of
1ike-error contingencies occur than wouid occur if responses were

random.

For each item pair a tab]e of frequencies of a11 possibie : ‘J .
response pairs is evaluated- by simp‘Ie'x2 to show whether the pattern
s random. Inclusion of a ‘correct’ answer to both items is.
sufficient to render the x2 value significant. “An improved test

: caicu]atesx2 for the response grid after after eiiminating the row and
co]umn corresponding to 'correct' answers. 1f significant. a check "
can be made to determine if- the predicted patterns are those that

-~ occur with- unusual frequency. 'f |

. 3. Probabiiistic diagnostic eva1uation

"a. ) Theory of probabi]istic differentiation

. Many of the successes of diagnosis in medical practice can be

-i '_r‘ { - - : | J;?ﬁé.'.
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to use of probab111st1c rather than strictly cdtegor1ca1

eva]uat1un " 2 ¢ ailab. evmience at any g1ven time.

Diagnostic test1ng in educat1on can ,be reqarded as a/process of

4

_probabilistic. djfferent1at‘on between a]ternat1ve hyfotheses, one ot

which is that theé student has actually mastered the,materia].-

constructing a test which combines a. plausible set ,f hypotheses based

on common reasons for failure with a probabi]istic«scheme for

evaluation (Box & Tiao, 1973; De Groot 1970; Novick 1970 Novick,

'W,Jackson,thayer,&,Co1e,,1971),\the‘diagnostic process can be made
. . . ..‘ - ' . ’ Q »

efficient. - <y
Y . {

One question which can beéaddressed,frdm seﬁeral angles is the
question of optima1 stoppinpz how much evidencezcan be .regarded as .
sufficient’ The hathenet1Ca1 concept.ot "martinéa]e" allows one.
vector of 1nformat1on (read ‘student's responses /to test 1tems) to be
associated with another vector of information (read diagnostic ) ‘
ut111t1es of 1tem responses) At_some.determjnab1e point, the

expected 1nformatjon gain can be calculated precisely if the elements

of both vectors are'known (De Groot, 1970, pl 356‘ff) in the present i

1nstance, ...... the. e1ements in the 1atter ‘vector can be represented

- !

probabi]istica]]y. - -

Each diagnostic hypothesis\carries a certain a priori probability
of being true, which. varies from one hypothesis to another. An'
efficient diagnostic testing process accuq\jates ev1dence to he]p
differentiate between hypotheses by reeva]uating ‘the be11ef ‘
probabi]ities of each ‘of the diagnostic hypotheses after each .

i
i
i

. " ' . : ’

-

\
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o

response. At some discrete point in the process the probability of

-one of the wdrking hypotheses will become sufficiently high to justjfy

A . .

a réport of it as a probable diagnosis. Bayes theorem is used to

aggregate the evidence.
The following notation allows demonstration of diagnostic
assessmént of mastery'withinma Specified curricular subdomain,

. {a) Diagnostic hypotheses

Ho ¢ The student has mastered the subdomain

Ho : 7] The student has not,mastefed the subdomain
‘Hy @ due to'one of five specified learning gaps,
miscoriceptions or misunderstandings.

[
*

X
-3
*e o0

(b) Probabilities |
. Py ¢ the pfobab111tx that H&pbthesis Hi is Correéf
u for -a particular student, given th&t one and only
one of [Hg .. Hg] is correct.
(k) B
Py is the probability after k items have been attempted

& -

-

(c) Distractors and flags

w

~ Suppose that-each item has four choices and the “event® that
the subject phodgés the first one on item k is coded as:
Xy = [1,0,0,0]; xXjk = 1 1f‘a1terhat1ve J on 1tem'k f§’
\ sejééted, and = 0 otherwise.
~ Each alternative is flagged to one and on1y bne of the o

hypo;heées; djx = 1 if the jth alternative oq/i}gm/k/ﬂs flagged to

hypothesis 1. —. . o
N T

&2]
(=
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|
i

The prior probabi]ities sbecify,that in the aQséhce of any
- specific evidence,”eachwdiaghostic hypothesis “and the mastery
condition are equai]x ]ike]yk’?Unt11 empirical studies establish the
. mathematica{ basis fof a ﬁore'sophisticated Bayésian model, the
following w?]] be used:

o P 067 for 05 ‘

The. conditional probabilities indicate the ﬁ}rength_éf the
diagnostic 1nf6rmatfon provided by a single.test item.’ ATthough'
émpirica1'§£udies.ﬁ11i‘Béﬂﬁeéégggfy'fﬁ establish thisqcharacte?istic ’
for ﬁny par;icu1ar“type of item, past expegience suggests that the
prébabi]fty of se1ec£1ng the response;f1ag§ed to a particular and true

' hypothesis will ‘be somewhere in the range 0.4 and 0.8. A starting .
value of 0.55 would fhus seem to be fairly coqservpfive. |

AT

: Prob. [Zk=‘ H{] ’= 0.55 if the chosen alternative 1is
. : L flagged to hypothesis 1 (i.e., if
) . xjk = 1 and djx = 1 for some'of j).
7 - . .

L4

0.15 if one of the rejected altern-
atives is flagged to hypothesis i
(f.e., if xjx =0 and djx = 1 for

some J). - .

> = 0.25 if, for this item, none of the
o : . : -distractors are flagged for
e . - hypothesis i (i.e., 1f djk = i
’ - for all of j).
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Bayes theorem now expressed as

(k-1)
oK) _ Pi . Prob.[X | H1]
1 - - B
pS*1). prob.ix | Hyl

‘

allows an algorithm to be established for the sequencing of test

materials and through ‘such alogrithm the basis for forming a decision

. as tqawhether to continue testing. Mithin an subdomain:

for ‘the first item: Select at random from the full set.

for the second item: (a) Identify all hypotheses not
: : o covered in the preceding item.

(b) Select at random from <items that n
include all hypotheses so:identified:

, for the third item: - (a) Identify all hypotheses not covered
) twfce in the preceding 1tems.

(b). Select an item which cnvers as’ many of
‘these as possib1e.

for the fourth item: (a) Identify all hypotheses not covered at
. *  least twice in the first three items.

(b) ldentify the hypothesjs with the
greatest P-va1ue.

éz(c) Select an item to cover hypotheses
identified in (a) -and (b) above.

" Discontinue testing when P4 reacnes a confidence level of at
least 0.8 for. some 1. Hypothesis Hy i then‘reported. “
_ Theserru1es are concise and'etrg1ghtfprward: 1¢ the student
,responds:consistent1y, fﬁey-shou1d lead fapidly to the identification
»of the appropriate diagnosiss' . K _ - _ .

b.)‘ Il]ustraxion of probabi]istic differentiation

Consider a sequénce of sfx mu1t1p1e_cnoice items whose responses

4 N o
.
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have been flagged to ﬁndicate‘the're1evant hypothesis according to the

following table. (H, denotes the correct answer in each case.)

; : 'I Y EM

Response 1 2 ) 3| 4 5. 6

Ho H1 H Hy  Ho H2
Hz  H3 Ho

Hz - Hs H]  Ho ~HL . Hs

oO WP
x
|
pe o
o
= =

The prior probab11{t1es of ‘each hypothesis are set equal to--0.167.

Response A to item: 1 provides some evidence/ of mastery ‘of the
subdomajn by the examinee. Bayes theorem combines “this ev1dence ‘with -

the prior probabilities to give a' new probab1T1ty of mastery:

L . 0167 x0.58 A |
S o ’ = 0.3674
| 0.167 x 0.55 + 0.167 To 15 +'u.,, |

The probab111t1es of the other hypo heses are simi]ar]y

r\ .
reca]cu]ated and recorded in a- ta%]e which gives the probab111t1es of

[

the various hypotheses and the response se]ected on successive

items. . If the subJect S response to 1t5m\? was B and to item 3 was C,
AY ~
- the fo]]ow.ng table resu1ts. - \\\ %“‘\\~ -
i
' | Ca]cu] ted | robabi]ities _
v / P2 ’ P4 PSE )
Prior Yalues | .167 .167 | .167 - .167 .167 .167-
Item 1 - Response A | -.367 .100/ .100 .100 .167  .167 .
Item 2" - Response B .624 .046/ .076 .046 -. .128 .077 |~
Item 3.- Response C | .834* .016/ .046  .027 ..046 .028

o - /837




\\—_—_. ' -
After three items testing could be discontinued since the probability
of hypothesis Hq (= mastery) has risen over 0.8.
| - \ i
Next consider a. subject who gives a somewhat less consistent

pattern“s» responses. He chooses the alternative flagged for H1 -

except on item 2: where\@is response is flagged for HQ.

,ealculﬁted probabilities

K Po P P "P3 P4 Ps

~ Prior values [..167 .167° .167. .167 .167 .167
Item 1 - Response B | .100 .367 .100 .100 :167 .167

Item 2 - Response D | .061 226 .102 .061 .171  .377
Item 3 - Response D | .035 . .484 .010 ..059 .100 .220
"Item 4 - Response A{ .013 .709 .039 .023 .066 .l46
Item 5 -

Response D | .003 , .858* .012 .007 036 .080

In this case we discontinue testing after five jtems and report Hj.
Finally, consider a subject'who'chooses the response‘appropriate to Hg
when one is avai]ab]e but guesses when one is not.

Calculated probabi]ities
3 . [}

Po Py P2 - P3 Pg Ps

Prior values | .167 . .167 .167 .167 = .167 .l67
Item 1 - Response B | .090 .367 .100 .100 . .167 .167
Item 2 - Response D |'.061 ;.226 .102 .061 .171 .377
Item 3 - Response B | .028 ' ,107 .080 .048 .080 .654 | |
Item 4 - Response D | ..065 .068 .051 .030 .085 .698.| °®
Item 5 - Response B | .040 .042 .031 .068 - .088 .727
Item 6 - Response D | .013 - .023 .010 .037 .029\ .886*

. -,k\ . . . @ I
In this case; all six'imems are needed béfore a hypothesis reaches the -
specified confidence lev.1. ' o

Note that in each of three cases above, the subject responded

with a fair degree of consistency, Subjects who respond’
. v o - '

L

84
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intonsistentiy'wi1]-need t6 be given“mdre items before any hypotﬁeSis

M 1

' is established. In practice, if this can not be done by ten items

i .

then it may be best to report this fact and move on to .an ‘her area.

-

Nb;e.a1so that in fhe above examples, the ;ix‘itémsvwére
attémpted in a fixed order, in general not ‘the most efficient
proéedu;e. For exaﬁp]e, after the third subject had attempted three"

items, Hg was t]ear]x es;ab]ished as fhe'mo§t proB?bTe'hypothesis. If )
'youfq have bew betfér to then.administer item 6 (which relates to Hg)l
rather than itens 4 and 5 (which do not). If this had been done (an;

response D was still sé]ected) testing could have been terminated

“immediately..

1

/.

85 . -
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